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PROYISIONAL SPECIFICATION. 

Improvements in or relating to Iiiquid Level Indicating Arrange- 
ments of the Transparent @ange Type. 




, WejEtEcmticAi, Improveimbnts ILmiTBD, 
a Coiupany registered imdea: the Iiaws of 
Great Britain, of Carliol Honse^ New- 
castle-upon-Tyne, in tlie County of 
B jSTorthximberland, and Chaiulbs Lobj) 
Blackburn, British Subject, of 2, Ryder 
Street, Westminster, London, S.W. 1, do 
hereby declare the nature of this inven- 
tion to be as follows: — 

This invention relates to liquid level 
indicating arrangements of the trans- 
parent g^axige type, wherein an indication 
of the liquid level is obtained at a distant 
observing point owing to the difference 

i^ between the refractive indices of the 
liquid and of the gas or vapour above it. 
Although not limited thereto, the inven- 
tion is more especially applicable to the 
indication of the water level in high pres- 

20 sure boilers or steam generators having 
high combustion chambers, wherein it is 
desired to render the indication readily 
visible on the firing floor which is often 
thirty or more feet below the level at 

25 which the gauge must be installed. In 
such arrangements difficulty is experi- 
enced in obtaining a satisfactoary indica- 
tion owing to the fact that when the 
gauge includes glass or like prisms in 

30 contact with the water and steam column 
tho surfaces of such prisms rapidly become 
etched or defaced to such an extent as 
to interfere with the indications obtained. 
The present applicants* copending 

35 British Patent Application No. 35,097 of 
1931, (Serial No. 392,642), from which 
the present application has been divided, 
has for its object to provide a simple prac- 
.tieal construction of gauge which will 

40 enable such difficulties to be avoided. 

In the arrangement according to this 
copending patent application the gauge 
comprises two sheets of mica or other 
corrosion-resisting material inclined at a 

•45 small an^le to one another and separated 
by a wedge-shaped central space contain- 
ing the column of liquid whose level is to 
be indicated and the gas or vapour above 
it, and a substantially flat beam of light 

50 is directed on to one of the sheets at such 
iPriee 1/-] 



an angle that after refraction through 
the central space it will emerge in the 
form of two slightly divergent substan- 
tially flat beams (respectively albove and 
below the liquid level, so that one only 55^. 
of such emergent beams will be visible at 
a chosen observing point. Thus, if a 
single incident beam of light is employed, 
the gauge will appear at the observing 
point with its upper (or lower) part gQ^ 
brightly illuminated and its lower (or 
upper) part dark, the liquid level being 
indicated by the sharply defined edge of 
the bright part. 

In order to avoid misinterpretation of 55 
the indication in such an arrangement, 
more especially at times when the liquid 
level has fallen to the bottom of the gauge, 
the arrangement according to the present 
invention employs two differently coloured 
flat beams of light which are incident on 
the gauge at such an angle to one another 
that the upper emergent beim of one 
colour and the lower emergent beam of 
the other colouir will both be directed to 75,. 
the observing point. The two differently 
coloured beams can be produced from 
single source of li^ht, for example hy pro- 
viding two narrow slots with differently 
coloured windows between the source and 80 
the gauge, or by optically projecting a 
coloured image of the source by the side, 
of the source itself, or in other ways. 

Althouifh the gauge may be viewed" 
directly from the observing point, it will 35 
usually be desirable to provide some form 
of optical projecting arrangement, on 
which only the chosen emergent differently 
coloured beams are incident and which 
will project an image of the gauge to a 90 
convenient position. "Fox this purpose it 
is prefersred to employ the projecting- 
arrangement forming the subject of the* 
present applicants' copending British 
Patent Application No. 26,588 of 1931 9a 
(Serial No. 387,762), wherein an optical 
projecting system including one or more- 
'lenses is employed to focus a real image 
of the gauge on to a diffusing screen and 
an optical condensing system is provided* 
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io fz-oncentrate tlie light from the source on 
tu tlie lens or lenses, of the projecting 

system. 

' Tile invention may be carried into prac- 
5 lic-e in various ^ays, but tlie followiuij 
' mvty instanced as some convenient pi"ac- 
ticitl aiTangements according thereto. 
Tliese arrangements will, for convenience^* 
be described with reference to the indica- 

10 tioii of ihv? water level in a high pressure 
steam boiler liaving* a hig'h combustion 
chamber, wherein the indications of the 
jiaiige are reproduced ai a convenient posi- 
Tion on the firing fioor by means of a pro- 

15 jectiiig* arrim^ement according* to the 
.■on:-n-iiiJU- British Pa.-ra Application X... 
Cif. ^^^S c-j ly-iJl iSerinl J\o. ->S7,To'2) above 
liicntioned. 

The first arrangement, as applied to 

20 <uch an installation, comprises broadly a 
water level gr.iige. a soui'ce of light ' for 
ill luaina tins- the fraiisi^e, a dififiising- screen 
at ez.e level on the nris"* floor, a projeet=- 
ina- lens for focuss^ing a real imag-e of the 

25 fiauae on the s-?r?eri. suitably mounted 
plane mirrors for dj?:^-?etingr the liorizontal 
enierT'?nt beam from iho gauge vertically 
ucwnwards fhrcu^h the projecting- lens 
aii'l p-s-ain liorlzontnliy on to the diffusing 

20 scTe?Ji, and a eondeasin;^* opticfil system 

*^ jvr concentrating the light from the 
-oiivcc on to -he projecting- lens, with or 
•^j-.Iiout Ttiri^s i'M' e2iclo??ii'io* the i-ay? of 
If zii"^ to exclude stmy H.^M Vi;!: dust. 
Tli'r 'ZRua^- it^eli comi-'rise- two prisms 

^ raoxiziXzi veriically iu a ^>oi--li!:e structure 
hnvinu* suitable opeuinu> in. its front and 
I'ock *TaIls adjacent to the prism? for the 
PHsssuQ-e of the liaht. The prisms are held 
in position in tli^ bo::^ hy meaus of internal 
s»'o\?ldei*" therein, against which the 
pii^iir^i ar* forced by nienn55 of cla Piping 
-<-i-?w=! ar the front iind back of the bo:i:, 
•.uir:o^:Ie packin*? mateiial l»eii?'i' provided 

45 \o render the central .^pace ^".etween the 
prisr.is fl\iid-tight. This cenrnd space is 

COl^iie'-ted bv "Oliiiil li ii'- lJ'"T"*'ri H"Ci 

h»wer rrnds of the box respectively to the 
sieam space and the water space of the 

50 boiler. Sheets of mica or other corrosion- 
rf visting material ?re provided between 
rhe inner sui*faces of the prisms and the 
central space containing the^ water and 
steam column, these sheets being in close 

55 contact with the glass or other material 
of which the prisms are made. Tlie inner 
surfaces of the prisms, and consequently 
also the mica sheets, are inclined to one 
another at a small angle, say, 10°, so 

50 that the water and steam column is it- 
self prismatic in shape. This may be 
effected by making one of the prisms in 
the form of a parallel-sided flat plate, and 
the other with its outer surface parallel 

.65 to the surfaces of the first prism and its 



inner surface inclined thereto at the 
chosen small angle. Alternatively the 
two prisms may be of similar shape with 
their outer surfaces parallel to one 
another and iheir inner surfaces inclined 7|> 
at an angle of to the outer surfaces, 
so that the two inner surfaces lie at an 
angle of 10° to each other. 

Thus a beam of light subs! ant i ally con- 
fined to a vertical plane and incident 75 - ; 
approximately perpendicularly on the j 
oiitt-r snriiKO of the first prism will be i 
reliacte<i at slightly different angles \ 
tliioiigh ilie water and through the steam, 
cuJ ojTiiiii iiirou-^h xhc second prism so SO 

v\v.. f:-;rr oi light respectively j 

a love aii 1 below rlie Avater level will i 
iroiii. I'iio <iauge and will diverge ! 
irora one auoiher at a small angle. j 

iT^r illximiiiaTiug the gauge an electric 85 j 
lamp is enipio^ved whiclt gives a small but j 
iniens.; ruurci of light, the lamp being 
i:Cijusiable in position for focussing pur- 
i^os^^s. Since (:'Ji:siderably less illumina- 
tion will usually be required at night than 90 
iii The day time, ii is preferable to pro- 
vide i.irrans f r.r varying the voltage applied 
to vhe lr«mp for adjustment purposes in { 
order to increase the life of the lamp. It 1 
is also desirable to provide a spare lamp ! 
iii readiness for use iu the event of failure 
ox The muiu Iamx>. the two lamps being 
mounted on a m^-va^ le frame, so that the 
::-cii'r i«:mp can be brought into service 
without waste of lime. 100 

Tjie two diffeieutly coloured flat beams 
oi light arc i^rcferably derived from the 
venire r r.=r L'uiiv Tliis may Le effected 
in various v ays but in one convenient 
»iv iii'ieiiient ili^ point source of white 105 
liglii is dis]»o-7c-d slightly to one side of the 
• er_tie of cinvatuie ;)f a concave spherical i 
minor and a coloTiTed screen is interposed 
between tlir source and the mirror. Thus 
sovne of xhc- rays from the light pass HQ 
rhroucih til? screen and after reflection hi 
the iiifrror j-ar- ^niii ibi uu-li i isr : ct^M 
to a point iV»cus oii the other side of 
rile c :*r.tre of i-urvature. There will thus 
in tjfect be two point sources of light close 115 
toiieiitor, oii;? white and one coloured for 
illuminating the gauge. 

The optical condensing system may con- 
sist of a curved luirror behind the lamp or 
of a condensing lens or lens system be- 120 
tween the lamp and the gauge or of a 
combination of mirror and lens, the 
arran^rement in each case beinj^ such that 
two intense flat beams of light consisting 
of approximately horizontal rays concen- 125 . 
trated in txro slightly convergent vertical ; 
planes are directed on to the gauge, each 
flat l^eam emerging from the gauge in the 
form of two divergent flat beams respec- 
tively above and below the water level. 430 
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Tlie arrangement is siicli that the coloured 
beam above the water level emecrges from 
the o-auge in the same vertical piano as 
the white beam below the water level, 
5 these beams being concentrated on the "pro- 
jecting lens, so that as much as possible 
of the light from the source is utilised. 

The projecting lens is jwsitioned 
approximately midway between the gauge 
iO and the di:ffiisiiig screen and has a large 
focal length such that the real image of 
the gauge focussed on the difEusing screen 
is of the same order of size as the gauge 
itself. Since a single projecting lens wul 
15 invert the image, it is desirable to pro- 
vide two plane miirrors instead of one at 
one of the two reflecting points in order 
that an erect image may be obtained on 
the diffusing screen (assuming that the 
20 two horizontal portions of the beam of 
light are both in the same direction and 
sense). This will be unnecessary in cases 
where the upper mirror can conveniently 
be located behind the gauge and the lower 
25 mirror behind the diffusing screen. The 
provision of two mirrors at, say, the upper 
reflecting point is however of advantage 
for initial setting purposes, since by 
mounting the mirrors adjustably, focus- 
30 sing and levelling adjustments can readily 
be made when the apparatus is initially 
installed, the directly accessible portions 
of the appairatus being rigidly fixed in 
position. The mirrors are preferably 
35 silvered on their front sm'f aces or are 
alternatively made of very thin glass with 
the usual back-surface silvering in order 
to avoid troubles from double reflection- 
Tt is also desirable so to mount the mirrors 
-40 that they can be readily withdrawn ^ for 
cleanino^ purposes. The lower mirror 
should be "set back from the diffusing 
screen far enoiigh to prevent any light 
entering through the diffusing scoreen 
45 from being reflected back again through 
the screen. The tubes enclosing the paths 
of the light (if provided) are made of 
metal and th© joints are made substan- 
tially dust-tight in order to avoid loss of 
50 liiyht from diffusion or obstruction by par- 
ticles of dust. The dnst can be more 
effectively excluded by filling the interior 
of the tiibes with clean compressed air, 
so that flow will take place in an outward 
55 direction throtigh any slight lealcage, and 
will thus prevent the entry of dust par- 
ticles. The diffusing screen is made of 
ground glass chosen "to diffuse the light 
from the image over the desired angle. A 
60 hood should also be provided on the screen 
to shade it from direct external light, 
i?he interior surface of the enclosing tubes 
should be blackened or otherwise treated in 
' /ifc order to prevent the upper beam from 
iiio gauge feom ibeing reflected on to the 



projecting lens. 

The above arrangement enables a well- 
defined and brightly illuminated image r.f 
the gauge to be reproduced at eye level on 
the firing floor in sxich a manner that it 70- 
can be readily seen over a wide angle of 
vision. The 'indication obtained on the 
diffusing screen consists of a coloured 
upper part and a white lower part, the 
water level being indicated by the divid- 75 
ing line between the two parts of the 
image. This arrangement has the 
important advantage that there is no risk 
of failure of the source of light being 
misinterpreted as a fall in the water level 80 
to the bottom of the gauge as might 
happen with the use of a single colour. 

Although described with ref erence to a 
boiler installation provided with a wa.ter 
level gauge at a height above th.e firing 85 
floor, the arrangement can be applied with 
suitable modifications to other purposes. 
Thus for instance the arrangement may 
also be employed with advantage in some 
cases, for example, wi(h pulverised fuel SC 
boilers, where the firing floor is commonly 
at more or less the same height as the 
gauge, but where the gauge is located at 
the back of the boiler. Tlie ari-ani^emeiit 
is genemlly applicable to liquid level indi- 95 
cafing pmiJoses, where it is desired to 
obtain an indication at a distance from 
the point at which the gauge is installed. 

Again the forms of gauge described 
may be employed with other arrange- iOC 
ments for projecting the indication to a 
distant point, or they may be directly - 
viewed without a projecting arrangement. 
In the latter case the above described 
arranirement can be simplified by providing lOcr* 
two slots with differently coloured windows 
batween the soui-ce of light and the gauge, 
with or without a cylindrical lens inter- 
posed between the slots and the gauge, 1^ 
place of the optical condensing arrange- Hu? 
ments described. The use of differently 
coloured beams is of especial advantage in 
the case of direct vision in that the 
observer can readily distinguish between 
the various, emerrrent btv^ni*. 115 

The construction of liquid level gauge 
more particularly described may a^bo he 
modified in various ways within the scope 
of the invention. Thus for instance, ^ 
instead of mounting the mica sheets in 12G 
close contact with the inner surfaces of 
glass prisms, one or each of the slieets 
may be separated from the glass prisms by 
distance pieces so as to form a wedge- 
shaped space, which may be filled prefer- 125 
ably with a liquid. In sucli a case how- 
ever it is necessary to equalise the pres- 
sures on the two sides of the mica sheet. 
This may be effected by providing a small 
Itole through the mica sheet at its upper ^ 
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end., so that the space behind the sheet 
becomes filled with the \rater of condensa- 
tion. Alternative! V an entirely separate 
body of liquid may be tised and in this 
g case the liquid may be supplied from a 
closed chamber having in its \rall a 
flexible diapliragiji exposed to the pressure 
in the boiler steam space. Such modifica- 



tions of tlie gaug-e enable the glass prisma 

to be in the form of parallel-sided flat la 

plates. 

Dated this 2nd day of 3Iareh, 1933. 

EILBFEX •Jt STRODE, 
Agents for the Applicants. 



COMPLETE SPECIPICATTOX. 

Jjnprovements in or relating to Liquid Level Indicating Arraiige- 
ments oi the Transparent Gauge Type. 

We^ELECiiJiGAixIiipr.ovEirEXTS Limited, is liable to misinterpretation more e^eci- 
a Compaxiy registered under the Laws of ally at times when the liquifl level has gQ 
Great Britain, of Carliol House, iXew- iplien to the ]>ottum of the gang-e or 
15 castle-upon-Tvne, in the County of alrernativeiv has risen to the top of the 
ortiiiimbeiiand, and Chai?lii:s Loed giwifc^^ and a further diliiculty also arises 
Blagkbuex, British Subject, of 2, Rjder in eases wii-ire the gauge itself is directly 
STi^eer, Yv'esrminster, London, S.W. 1, do Tiewtrd in that it becomes almost impos- 55 
hereby declare the natiii-e oi this inYen- si-;le to distinguish the brightlj'- illu- 
20 tion and in T;\-hat manner the same is to miiia-cd parts of the gauge from the rela- 
he pericrriied, to be particularly described livitiy dark piii r> except at comparatively 
and ascertained in and by the following sLorJ. distarices from the gauge. 
-siaTement : — . '^l^- ixiiiiji i-rel arraugement according 70 

This inreiition I'elates to liquid level to the present invention employs a trans- 
2o iii'licziUn^ arrang^e ments of the trans- p».rent liquid levul gauge .so arranged that 
p^iient ,uatige type, Tvlierein an iiidieation iwo r.iv.. i\£ birl.t i}M-i<i«rjir 01, ilio 

01 tli? iiiiuid level is oJ^ained at a gnutrr respeetivelv above and below the 

clv=eivinr< point o^inj^- to the diference liriuii lev^i \rill be deflected by the gauge 75 
biiTreea tb^5 r5fractive indices of the tLi-.ueh diifereni tangles, and two differ- 
30 i^^i^*'"^ s^'^^ r^"^* ^*^*POtir above it. em iv coloured beams of light are directed 

AithougL not limited thereto, the inven- on to the gauge at such an angle to one 
tioii is more especially applicable to the anov^er •fiat from a chosen observing 
indication of the water level in high pres- poinr. fhe :zati£>*e will appear as of one 80 
stirs boilers or steam generators having coIoti:- nbcve the liquid level and of the 
35 Ij^gh combtistion chambers, wherein it^ is otLer colour below the liquid level. 

desired to render the indication readily "With this arii^iipeuient it is often con- 
visible on the firing floor which is often venienr to provide some form of optical 
thirty or more feet below the level at ijrojectingr system, on which only the 85 
which the gauge must be installed. In benni? passing- to the chosen observing 
'40 such arrangements difSculty is experi- point are incident and which will project 
enced in obtaining a satisfactory indica- an image of the gauge to a convenient 
tion owing to the^ fact that when the position. For this purpose it is preferred 
gauge includes g*las^ or lite prisms in to employ the projecting arrangement 90 
contact with the water and steam column described in ihe present ajpplicants' 
^5 the surfaces of such prisms rapidly become British Patent Specification 'No. 387,752, 
etched or defaced to stich an extent as wherein an optical projecting system 
to interfere with the indications obtained, including one or more elements is 
The present applicants' co-pending British employed to focus a real image of the 9S 
Patent Application Xo. 3o,097 of 1931 gauge on to a difftising screen and an 
gQ (Serial No. 392,642), from which the pre- optical condensing system is provided to 
sent application has been divided, relates concentrate the light from the source on 
to a liquid level indicating arrangement to the element or elements of the project- 
employing a simple practical form of ing system. iOO 
gauge in wliich such difficulty is avoided- The two differently coloured beamB can 
]55 When a gauge of the kind described in be produced from a single source of ligKt> 
the specification accompanying this co- for example by providing two narrow slots 
pending patent application is illunainated with differently coloured windows between 
.with ordinary white lights the indication the source and the gaugOj or by optically iO& 
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projecting a coloured image of the source 
by tile side of the sowce itself, or in 
other ways. 

The use of two diff^ent colcuxs aecord- 
5 ing to the invention is of especial value 
in cases where the gauge is to ibe directly 
viewed, since by suitable choice of 
TtoloiireHd beams of generally similar inten- 
sity it becomes possible to distinguish 
satisfactorily between the differently 
coloured upper and lower parts of the 
gauge at very considerable distances. In 
sufh cases it is convenient to employ two 
colour screens evenly illuminated from a 

i5 suitable source or alternatively two dif- 
ferently coloured glow discharge tubes 
and to mount such screens or tubes side 
by side in the focal plane of a lens or 
mirror, from which the differently 

^ coloured beams are directed on to the 
gauge. 

The invention may be caoried into prac- 
tice in various ways, but some convenient 
arrangements according thereto are illius- 

^ trated by way of example in the accom- 
panying drawings, in which — ^ 

Figures 1 and 2 are respectively hori^ 
zontal and vertical sections through^ one 
construction of liquid level gauge. Figure 

30 2 being a section on the line 2 — 2 of 
Figure 1, and being drawn on a smaller 
sc^e, 

Figuffes 3 — 5 respectively show hori- 
zontal sections of alternative constructions 

35 of gauge. 

Figures 6 and 7 are diagrammatic views 
of two alternative forms of an optical 
projecting arrangement for projecting an 
image of the gauge to a distance, 

40 Figures 8 and 9 are two diagrammatic 
plan views illustrating the paths of the 
rays respectively below and above the 
liquid level in the projecting ancrangement 
of Figure 6, and 

"45 Figures 10 — 12 are diagrammatic plan 
views respectively of three modified 
arrangements for use when the gauge is 
directly viewed. 
-These arrangements will, for conveni- 

30 ence, be described with reference to the 
indication of the water level in a high 
pressure steam boiler having a high com- 
bustion chamber, wherein it is desired to 
observe the indications of the gauge from 

55 the firing floor which may be thirty feet 
or more below the gauge. The. confltruc- 
tions of gauge illustrated in Figures Ir-yS 
are generally of the Idnd described in 
British Patent Specification l^o. 263,638, 

"60 but modified to suit the requirements of 
the present invention. 

In the construction of gauge shown In 
Figures 1 and 2, two 'jjrisms A\ of 

^5 glass - oir other suitable material 
are mounted vertically in a box- 



like structure B having open- 
ings B^, B^ in its front and back walls 
adjacent to the prisms for the passage of 
the light. The prisms are clamped against 
internal shouldei-s B^ in the box by means 70 
of insets C^, which are forced against 
the prisms by bolts CP. The central space 
D between the inner surfaces of the prisma 
A^, A^ is connected by valve-controlled 
conduits D^, at the upper and lower 75 
ends of the box respectively to the steam 
space and the water space of the boiler, 
and suitable packing material is pro- 
vided around the edges of the inner sur - 
faces of the prisms to render the central 80 
space fluid-tight. Sheets E^, of mica 
or other corrosion-resisting material are 
provided between the inner surfaces of the 
prisms A^, A^ and the central space D 
containing the steam and water column, 85 
these sheets being in close contact over 
the whole surface with the glass or other 
mateii*ial of which the prisms are made. 

The inner surfaces of the prisms A^, A^, 
and consequently also the mica sheets E^, 90 
E^, are inclined to one another at a small 
angle, so that the water and steam column 
in the central space D is itself prismatic 
in shape. The actual angle of the wedge 
formed by the central space D may vary, 95 
but where very- high pressures have to ibe 
witiistood, it is depirable to keep the wedge 
angle small in order to avoid setting up 
heavy shear stresses in the mica sheets. 
"When a projecting arrangement is used, 100 
it will usually be satisfactory to employ 
a wedge-angle of, say, 10°, but when the 
gausre is to be directly viewed a larger 
angle of, say, 20° is preferable. In the 
arrangement shown in Figures 1 and 2 the i05 
wedge angle is 20°, the two prisms A\ A? 
being similar in shape with their outer 
surfaces parallel to one anothear and their 
inner surfaces inclined at any angle of 
10° to the outer surfaces. A 10° wedge 110 
angle may be obtained by using two 
prisms each having a 5° angle. 

Instead of employing two similar prismsr 
A^, A* as in Figures 1 and 2, a similar 
effect may be obtained, as shown in 115 
Figure 3, by making one of the ^prisms in 
the form of a parallel-sided flat plate A*, 
the other prism A^ having its outer sur- 
face parallel to the surfaces of the plate 
A* and its inner surface inclined thereto 120 
at the desired wedge angle. In the 
example shown in Figure 3, the wedge 
angle is 10°. In other resigectfl, the con- 
struction of Figure 3 is similar to that of 
Figures I and 2. . 125 

jji a further modification shown in 
Figure 4, two parallel-sided flat plates A^, 
A^ are employed, the box B^ being so 
shaped that these plates are inclined to 
one another at the desired wedge angle 
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f20° as sliown). This modifiealion iieces- 
sitate^f tiie use of separate c-lamping screws 
C^, in the front and hack wall?? of the 
box, but the arr^ng'enient is otherwise 
5 similar to that of Figures 1 and 2. 

Id lLe-foreg:oinf»: constructions the mica 
^heeii E*, E- have in each case been 
arranged to withstand the pressure by 
bfiiijr mounted in close contact with the 
10 iniier surfaces of the prisms, but it is in 
som^ iiislances preferable to separate one 
or sficii oi the mica sheets from the adja- 
cent prism. Figure .-5 illustrates one such 
arrangement in -which the tvro mica sheets 
15 E* are separated from parallel-sided 
plates A", A® mounted parallel to one 
aiLnth:?r by means of wedg-e-shaped dis* 
taiice pieces F, so that the two mica sheets 
ai-e inclined to one another at the desired 
20 wedsjre angle (20^ as shown). The small 
poctets F^ F- between the mica sheets and 
the .ulass plates are preferably filled with 
liquid, but in order to keep the mica sheets 
flat, it is necessary to equalise the pres- 
25 sures on the two sides of each sheet. This 
may be satisfactorily effected in some 
instances by providing" a small hole 
through tlie mica sheet at its upper endj 
so that the space behind the sheet be- 
30 comes filled with the water of condensa- 
tion. Alternatively, an entirely separate 
body of liquid may be used for filling the 
pockets F^, F-, and in this case the liquid 
may be supplied from a closed chamber 
35 having- in its wall a flesrible diaphragm 
exposed to the pressure in the boiler 
steam space. The construction is in other 
Tespects similar to that of Figrures 1 
and 2. 

40 Other forms of graugre having plane 
operative surfaced may also be employed. 
It is: usually preferable to employ a grange 
of the plane surface type in order to 
facilitate the use of protective sheets of 

45 mica or other corrosion-resisting material, 
but it will be appreciated that the inven- 
tion is not confined to the use of such 
gauires and that the ?rauge may be con- 
structed in other ways, the essential 

5Q characteristic being that the central space 
containing the steam and water column 
shall be in the form of or optically equi- 
valent to a wedge, so that a beam of light 
incident on the gauge and substantially 

55 confined to a vertical plane will be 
refracted at different angles through the 
water and through the steam, so that two 
flat beams of light respectively above and 
below the water level will emerge from 

60 ^1^^ gauge and will diverge from one 
another. 

In cases where the indications of the 
gauge are to be reproduced at a convenient 
„ position on the firing floor, it is preferred 
to use the optical projecting arrangement 



described in British Patent Specification ■ 
Xo. -387,752 above mentioned. Figures 
fi — 9 illusiraie diiigi-aiomatically a pre- 
ieried form of such a projecting arrange- 
iu«-ut as -.employed with the present inven- 70 
tion. 

Tlris arrangement comprises broadly in 
addition to the gauge G itself (assumed to 
h'^ of the form shown in Figures 1 and 2 ! 
bur with a wedge angle of 10°), an illu- 75 : 
minatiiig unit ll including the source of \ 
light H^, a paraboloidal condensing mirror 
H-, a spherical reflector H^, two colour | 
screens IP, H'^ and a small prism H\ a I 
projection unit J mounted on the firing 80 \ 
floor and including a convex projecting ; 
lens -P. a convex mirror J^, an inclined 
plane mirror -P and a diffusing screen J*, 
and a plane mirror L (Figure 6) or a pair ' 
of plane mirrors (Figure 7) for 85 

deflecting the chosen emergent beams from 
the gauge G vertically down to the pro- 
jection unit j. 

As the source of light in the illu- 
minating unit H an electric lamp is 90 
employed which gives a small but intense 
source of light, the lamp preferably being 
a low-voltage lamp fed through a trans- 
foriaer from a.c. lighting mains. Means 
may be provided for reducing the voltage 95 
applied to the lamp at night-time when 
less illumination will usually be required, 
and a spare lamp may be provided which 
is mounted with the main lamp on a 
swinging frame to ensure rapid change- 100 
over if the main lamp fails. The condens- 
ing mirror preferably consists of a 
narrow vertical strip cut from a paraboloid 
of revolution having a horizontal axis, the 
strip lying to one side of the axis. The 105 
mirror strip is mounted vertically at a 
distance from the optical axis of the con- 
densing system corresponding to its dis- 
tance from the axis of the mirror blank 
from which it was cut, the lamp being 110 
disposed on the axis of the mirror and 
slightly displaced from the focus thereof, 
so that the light falling on the strip is 
reflected in. the form of an approximately 
parallel (or rather slightly convergent) 115 
beam which passes to one side of the lamp 
and illuminates the whole length of the 
gauge G through the colour screens H^, 
brightly and evenly without interfer- 
ence from the shadow of the lamp. The 120 
reflector similarly consists of a narrow 
vertical strip cut from a concave spherical 
mirror and is located with the lamp fila- | 
meat approximately at its centre of curva- 
ture. The main function of the condens- 125 
ing mirror H- is to focus a sharp image | 
of the lamp filament on to the projecting i 
lens -P, and the arrangement is such that j 
an intense flat beam of light K consisting 
of approxiniately horizontal rays more or i-^u 
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less concentrated in a vertical plane is 
directed on to tiie two colour scireens H^, 
Jl*, which consist of narrow vertical tr^ans- 
^parent strips of different coloxus, for 
^ example red and green* The green rays TS?- 
shown in chain line in Figures 8 and 9 pro- 
ceed straight on to the gauge Gr, but the 
red ffays are deflected by tlie small 
prism so that they are incident on tbe 

50 gau^e Gr at an angle to the green rays 
chosen to suit the wedge angle of th.e 
gauge. The green rays emerge from 
the gauge Ln the form of two divergent 
flat beams K^, K^, one of which (prefer 

15 ably the lower beam shown in Figure 
8) is caused to pass to the projecting lena 
J^, The red rays similarly emerge 
from the gauge in the form of two 
divergent flat beams K^, X^,. of which the 

20 upper beam shown in Figure 9 lies 
vertically above the lower green ibeam IK? 
and is directed on to the projiectiDg lens 

The chosen horizontal emergent beams 

25 K^, from the gauge G are deflected 

downwards to the projection unit J by 
means of one or a pair of plane mirrors, 
the arrangement in each case being such, 
that an erect image of the gauge is 

SO obtained on tbe diffusing screen J*. Since 
the image is invierted hj the lens and 
is also twice reflected in the projection 
.unit J, a single plane mirror L (Figure 6) 
inclined at an ajigle of 45^ to the vertical 

~ will serve to give an erect image of the 
gauge on the screen in cases where the 
mirror Xi is disposed in £ront of the gaiige 
and the screen is viewed from the front. 
A pair of plane mirrors L^, (Figure 7) 

» . inclined to one another at an angle of 46° 
will however be required in cases where 
the mirrors li^, aire disposed behind the 
gauge and the screen J* is viewed from 
the front. The plane mirror L or inirrora 
L^, in each case consist of iiarrow ver- 
tical strips of a width sufficient to. reflect 
the whole of the chosen beams K^, 'KP. It 
is not essential that the mirror or mirrors 
should lie out of the paths of the other 

„ emergent beams K*, K^> provided that 
these beams do not impinge on the pro- 
jecting lens iP: ' ■ " 

The projection unit consists' of a cylin- 
drical metal casing J mounted, on the' 
firing floor and closed at its upper end by 
a plate glass, window J^. The convex pro- 
jecting lens is mounted just below the 
window and is so arranged as to focus 
a real image of the gauge Gt at a. point 
just below the lower end of the casing J, 
the convex mirror in .tca*n focussing an 
enlaiT^d image, of such image on the 
ground glass difiiasing- ficreen- J* a;fter 
reflection in the narrow- , iiiclined plan^ 

65 mirror strip J^, iJie di&ising screen being 



mounted in a lateral opening in the 
casing »J near the upper end. In order 
to obtain an image on the screen J* of the 
same size as the gauge itself, the convex 
mirroa- may be located at the principal 7Q 
focus of the projecting lens J^, the dis- 
tance from the convex min*or to the screen 
J* after reflection at the mirror being 
equal to the focal length of the lens 

J^. 75 

British Patent Specification JSTo. 387,752 
above mentioned gives a fiill description 
of a variety of adjustments provided for 
the elements of the projection xinit and 
foiT the other parts of the apparatus, and gQ 
also of a number of modifications of the 
apparatus. 

This arrangement enables a well-defined 
and brightly illuminated image of the 
gauge to be reproduced at eye level on the 85 
firing floor in such a manner that it caJa 
be readily seen, over a wide angle of 
vision. The lower part of the indication 
will be brightly illuminated in green and 
the upper part brightly illuminated in gQ 
red, since the rays E*, do not impinge 
oh the projecting lens and are cohse- 
qiVently not reproduced on the diffusing 
screen J^. The water level will thus be 
indicated by the dividing line between the 95 
two dififerentl3'^ coloured parts of the 
image. This arrangement eSectively pre- 
vents misinterpretation of the indication, 
which, might occur with single^olour illn- 
mination when the gauge is completely lOQ 
empty or pompletely full. 

WTiilst it is generally preferable to 
employ two colours such as red and green 
so arranged that approximately equal 
intensities are obtained in the two colourSj 105 
it will sometimes suffice to employ white 
light as one of the colours with the other 
colour derived frdm the same soiircB 
through a colour screeil. This, can be 
effected by displacing the lamp H? slightly 110 
Ip one _ side of . the centre of curvature of 
the reflector and interposing a colour 
screen between the lamp and the reflector. 
There will thus be in effect two point 
sources of light, one white and one ii5 
coloured, so that two beams of light in 
slightly convergent vertical planes are 
directed on to the gauge. 

Although, described with reference to a 
boiler installation, provided with a water 120 
level gauge at a height above tie Sriixg 
floor, the arrangeiniefnts can be applied 
with suitable mbdiflcations to other pur- 
poses,. Thus for instance ihe arrangements 
may also be employed withadvaxitageiii soine 125 
ca$.es, for example^ with pulverised fuel 
boilers, where the firing floor is commonly 
at morfe or less the same height as the 
gauge, but where .the ^auge is located at . 
the back of the boiler. The a^angements 
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are generally applicaLle to licLtiid level 
indicating piirposes, where it is desired to 
ol3tain an indication at a distance from 
the point at which the gauge is installed. 

Again the form? ot g-aiige described 
may be employed with otlier arrange- 
ment? for projecting the indication to a 
distant point, or they may be directly 
viewed without a projecting arrangement. 
AO lu the latter ease the apparatus is pieieY" 
ably arranged in the manner shown in 

Figure 10. - i . - 

In this arrangement a vertical strip 
light N for series of electric lamps dis- 

15 posed one above the other) is located 
behind a diffusing screen N'. in front of 
which two colour screens O (e.g. red 
and green) are placed side by side the 
arrang ement being such that substantially 

-20 even Illumination is obtained over the 
whole area of tbe colour screens. A. 
cvlindrical lens P is located close to the 
gauge Q (preferably constructed in the 
nianner shown in Figures 1 and 2 with, a 

-25 wedn-e auale of 20^i in >;u'r]i piisitTon 
that'^tlie colour screens 0 0' are in the 
focal plane of the lens. Witb this 
arrangement, what may be termed 
" flash illumination ot the lens P i?^ 

.^0 obtained, that is to say, if the gauge were 
removed altogether, tbe whole of the lens 
P would appear illuminated in red when 
viewed from anv direction within a cer- 
tain angle (since all rays leaving the lens 

.35 in anv one such direction will have passed 
throusrh some point on a vertical Ime m 
the fed colour screen O) and would 
similarlv appear illuminated in ^reen 
when viewed from any direrrtion withm 

-40 another contiguous angle. The gauge Q 
will act in the manner above described to 
separate out each incident vertical strip 
of liirlit into two divergent vertical strips 
respectively above and below the water 

Ao level. Thus to an observer \ralldng past 
the £?auge, say from the top to the bottom 
of the drawing, the gauge will first of all 
appear whollv dark, and then green above 
the water level and dark below., after 

^0 ^^ich the gauge will appear in turn 
wholly green, then red above and green 
belowl then whollv red, then dark above 
and red below, and finally wholly dark. 
With a suitable width and positionm^of 

55 the colour screens in relation to the wedge 
angle of the gauge, the wholly red and 
whollv green indications can be made to 
disappear altogether, and a clear indica- 
tion of the water level over a reasonably 

60 wide angle of vision can be satisfactorily 
obtained. The two colour screens should 
be chosen to give approximately equal 
intensities in tbe beams, and when so 
chosen, the water level is clearly indicated 

^ even at great distances from thie ga^g;^ (at 



least within the central portion of the 
ani?le of vision where both colours are 
visible). It is often convenient to employ 
a simple form of periscope consisting of 
two plane mirror? each inclined at 45** 
to the vertical, so that the chosen emer- 
gent beams from the gauge are twice 
iejlecfed at the-^e mirrors, and it will be 
appreciated tliat Avilh this arrangement 
the widtTi of the lower mirror can be so 
ehor?eii a:^ to limit the field of vision to 
tlie central portion where the colours give 
the correct indication. 

Figure 11 illustrates a modification of 
the arrangement of" Figure 10, in which 
the strip light and diffusinpr screen N, N* 
and the colour screens O, 0^ are replaced 
by a pair of differently coloured vertical 
glow discharge tubes R, B\ for example 
a neon tube and a mercury vajjour tube, 
the arrangement in other respects being 
similar to that of Figure 10. 

Figure 13 illustrates a further modi- 
fication of Figure 10, in which an electric 
lamp S having a diffusing envelope, such 
for example as the wellknown opal or 
pearl lamps, is employed as the source of 
lioht, so that substantially even illumina- 
tion over a small area is obtained. Red 
and green colour screens S*,S* are arranged 
next to the lamp, so as to lie one on either 
side of the focus of a paraboloidal mirror 
strip T similar to the condensing mirror 
strip H= of Figures 6—9, and the rays 
reflected from the mirror T are incident 
directly on the gauge Q. This arrange- 
ment gives flash " illumination of the 
mirror T and its operation %vill be clear 
without further description. 

It will be appreciated that the arrange- 
ments above described have been given by 
way of example only and may be modified 
in a variety of ways within the scope of 
the invention. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

1. In a liquid level indicating arrange- 
ment, the combination with a transparent 
liquid level gauge so arranged that two 
parallel rays" of light incident on the 
gauge fespectivelv above and below the 
liquid level will be deflected by the gauge 
tlirough different angles, of means for 
directing two differently coloured beams 
of light on to the gauge at such an angle 
to one anotber that from a chosen obserr- 
ing point the gauge will appear as of one 
colour above the liquid level and of the 
other colour below the liquid level. 

2. A liquid level indicating arrange- 
ment as claimed in Claim 1, in which a 
real image of tbe gauge is projected on 
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to a difEusing screen by means of an 
optical projecting system on whicji only 
the cliosen emergent beam or beams are 
incident. 

5 3. A liquid level indicating arrange- 
ment as claimed in Claim 2, in which the 
gauge is illimiinated by a soxirce of light 
in association with an optical condensing 
system so arranged as to concentrate the 
10 light from the source on the element or 
elements of the optical projecting system, 

4. A liquid level indicating arrange- 
ment as claimed in Claim 1 or Claim 2 
or Claim 3, in which the differently 

15 coloured beams are produced from a single 
source of light by interposing two colour 
screens between the source and the gauge, 
with or without means sxich as a prism for 
directing the beam of one colour at the 

20 desired angle on to the giauge. 

5. A liquid level indicating arrange- 
ment as claimed in Claim 1. in which two 
colour screens evenly illuminated from a 
suitable source are disposed side by side 

25 in the focal plane of a lens or mirror. 



from which the differently coloured emer- 
gent beams are directed on to the gauge, 

6. A liqxiid level indicating arrange- 
naent as claimed in Claim 1, in which two 
differently coloured glow discharge tubes 30 
are disposed side by side in the focal plane 

of a lens or mirror from which the 
differently coloured beams are directed on 
to the gauge. 

7. A liquid level indicating arrange- 
laent as claimed in any one of the pre- 
ceding claims, in which the gauge is of 
the kind having all its operative surfaces 
plane surfaces, the central space in the 
gauge containing the liquid column being 
In the form of a wedge or havmg a shape 
optically equivalent thereto. 

8. The liquid, level indicating arrange- 
ment substantially as described with 
reference to Figures 6 — 9 or Figure 10 or 
Figure 11 or Figure 12 of the accompany- 
ing drawings. 

Bated this 2nd day of March, 1933. 
KELBTTUN & STRODE, 
Agents for the Applicants. 
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